ABSTRACT Acute toxic effects of methyl isocyanate in the rat wore determined for two hour exposures to concentrations in the range 11 ppm (very slight effect) to 65 ppm (lethality: pulmonary oedema). Changes in the eye, lungs, and behaviour were noted. Eye changes were confined to erosions of the corneal epithelium and were most severe at intermediate levels of exposure. A comparison was made of the effects noted in rats with reported effects on survivors of the Bhopal disaster. Urinary thiocyanate concentrations in exposed rats were found to be reduced relative to control values.
The catastrophic consequences of the release of methyl isocyanate (MIC) from the Union Carbide plant at Bhopal in India have naturally focused attention on the toxicity of this material. It was already known to be a highly toxic and irritant material: the LD_0 for four hours inhalation by rats has been reported to be 5 ppm in one study,1 and between 30 and 60 ppm in another.2 These numerical results by themselves, however, make only a limited contribution to the understanding of possible effects on man,3 and there is relatively little published information on the effects at sublethal concentrations, particularly as regards effects on the eye, which was found to be an important target organ in survivors of the Bhopal incident. In view of this lack of information, and in support of epidemiological studies at Bhopal,4" an investigation of these phenomena in rats after inhalation of sublethal concentrations of MIC was undertaken.
In addition to the lack of information on the dose response, time dependence, and outcome of the sublethal effects a further problem has been the uncertainty about the metabolic or chemical breakdown products of MIC. We have previously reported that the main hydrolysis product of MIC is n,n'-dimethyl urea.5 We also suggested that formation of some toxic materials by reaction of MIC with endogenous substances could occur.
On the other hand, some reports of studies on exposed survivors in India have suggested that metabolism to cyanide is important, that urinary through which an airflow of 10 1 min was maintained.
This air was previously filtered through a charcoal This was masked at higher concentrations of MIC by the arousal resulting from respiratory distress. At these higher concentrations the sensory response of the respiratory system was accompanied by damage shown by persistent respiratory distress and pulmonary oedema, which was fatal in one case. After sublethal doses, the respiratory problems resolved spontaneously and apparently completely; the narcotic effect was reversed on cessation of exposure, but a residual neurological or pulmonary change may be indicated by the hypersensitivity to ether anaesthesia 20 hours later, which is noted in table 1. Allowing for the interaction of these effects, there appears to be a progressive trend in the relation between dose and degree of response for the respiratory and central nervous system effects, so far as may be determined from qualitative observations. By contrast, the severity of effect on the eye was considerably greater at intermediate levels of exposure, suggesting that at high doses some protective response was evoked which, though effective in reducing damage to the corneal epithelium, was insufficiently evoked by lower levels that none the less caused superficial eye damage. In all cases the eye damage observed was confined to the epithelial layer.
When these observations are compared with those recorded in a survey of effects on the survivors of the Bhopal incident45 it is apparent that there is a clear relation between the animal and human data. In 
